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SOHSUOHD 


The  continued  advance  of  toe  national  atomic  energy  program  is,  to  a 
large  extent,  dependent  upon  the  hazard-free  and  controlled  ultimate  dis¬ 
posal  of  radioactive  wastes.  Any  radiochemical  laboratory  or  reactor 
operation  and  development  will  produce  these  waste  materials  in  varying 
amounts  and  compositions,  constituting  a  hazard  and  possible  impediment  to 
the  optimum  development  of  nuclaar  energy. 

The  need  for  intensive  and  extended  research  and  development  of 
processes,  equipment,  and  systems  has  resulted  in  the  establishment  of 
verious  projects  in  practically  every  area. 

The  Atomic  2nergy  Commission  has  been  concerned  with  the  integra¬ 
tion  of  thees  projects  and  with  the  exchange  of  information  so  tnat 
there  will  be  constructive  planning  with  a  minimum  of  duplication  of 
effort  in  future  programs.  In  this  connection,  on  Hov enter  10,  194*, 
at  the  direction  of  L.3.  Hafstad,  Director  of  Seactor  Development,  a 
Waste  Processing  Committee  was  established.  This  group  is  made  up  of 
individuals  from  each  operating  contractor's  organization  where  waste 
processing  research  end  development  are  under  way.  The  Ccmmittea  meets 
periodicolly  for  the  purpose  of  defining  the  activity  of  each  area,  the 
results  to  date,  and  any  proposed  research  and  development. 

The  first  meeting  of  the  Cosmittee  was  held  at  the  Atomic  Energy 
Commission  offices  in  T/aahington .  It  was  decided  at  this  meeting  that 
future  on-eite  meetings  would  bs  divided  into  two  technical  sessions; 
one  devoted  to  a  discussion  of  the  wa3te  problems  of  the  site  and  to 
the  local  research  and  development  work  leading  to  a  solution  of  those 
problems;  and  the  other  devoted  to  a  seminar  on  a  waste  processing 
method  or  operation  of  coouon  interest  to  representatives  of  all  sites. 

This  report  summarizes  the  first  session  of  the  March  27 "28,  1950, 
meeting  of  thu  Committee  at  Drookhavea  National  Laboratory. 


B.  Manowitz 
*Ho3t  Chairman 
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GEOLOGICAL  SUHV3T  AT  BFOOKHAVKN  NATIONAL  LABCHATCiir 


V.  da  Laguna 
U.3.  Ceological  Survey 


The  Geology  Group  started  work  is  March,  191#,  on  its  phase  of  the  General 
program  of  environawctal  studies  at  Brookheven  National  Laboratory.  The  work 
is  being  done  by  employees  of  the  Water  Resources  Division,  U.S.  Geological 
Survey,  vho  have  been  assigned  to  the  Laboratory.  Mo3t  of  the  scientific 
direction  has  come  through  Survey  channels,  rather  then  from  the  Laboratory, 
while  the  Laboratory  h*3  handled  virtually  all  of  the  contract  negotiations 
for  well  drilling  and  related  major  expenditures.  The  members  of  the  Group, 
however,  have  been  given  the  status  of  Laboratory  employees  for  all  such 
routine,  but  important,  purposes  as  signing  purchase  or  work  orders  and  use 
of  the  Laboratory's  cany  facilities  and  services. 

The  purpose  and  scope  of  the  program  have  never  been  set  down,  and  de¬ 
liberately  so,  since  the  whole  question  of  environmental  contamination  is 
new,  complex,  and  probably  full  of  unexpected  problems.  It  was  early  de¬ 
cided,  however,  at  a  conference  which  included  virtually  all  of  the  inter¬ 
ested  people,  that  oca  need  not  be  concerned,  at  lea3t  until  further  word, 
with  airborne  contamination  which  might  got  into  surface  or  ground  water, 
since  airborne  contamination  serious  enough  to  do  this  would  be  a  more  ser¬ 
ious  problem  in  its  own  right.  The  Geology  Group  has,  therefore,  centered 
its  attention  on  tha  direct  contamination  of  the  surface  or  ground  water. 

Since  the  nuclear  reactor  and  the  waste  storago  connected  with  the 
reactor  are  apparently  to  be  about  as  nearly  foolproof  as  science  and  money 
con  make  them,  one  has  no  idea  as  to  what  particular  event  one  should  be  on 
guard  against;  a  few,  but  not  all,  of  the  laboratory  people  concerned,  feel 
that  more  important  than  the  danger  of  a  real  spill  is  the  possibility  of 
fear,  or  of  legal  action,  on  the  part  of  the  public  or  of  public  officials 
in  this  county.  The  only  safeguard  against  this  is  to  have  always  avail¬ 
able  and  always  up  to  date  impartial,  simple,  and  clear-cut  evidence  that 
the  water  supply  of  this  area  has  not  been  contaminated  by  the  Laboratory. 

That  is  the  first  goal  which  the  Group  has  set. 

What  baa  been  done  so  far  is  this;  A  good  start  has  been  nada  on  get¬ 
ting  together  an  adequate  picture  of  the  local  geology  insofar  as  it  in¬ 
fluences  the  movement  of  ground  water  in  this  ana.  Also,  it  is  known 
where  this  picture  is  weak  and  will  have  to  be  strengthened.  The  major 
pert  has  been  completed,  at  least  as  far  as  expense  is  concerned,  of  a 
network  of  observation  wells  to  give  the  major  features  of  the  motion  of 
the  ground  water;  and  it  is  known  where  this  information  is  weak.  A  good 
start  has  also  been  made  toward  setting  up  a  net  of  water  sampling  points, 
for  both  ground  water  and  surface  water.  Detailed  plana  were  made  for 
completing  this  work  before  the  reactor  starts  up  and  the  need  for  the 
work  arrives.  About  ‘)Q  surface  water  and  ground  water  samples  have  been 
taken  and  analyzed  In  detail,  both  chemically  and  rndiomatrieally.  A 
good  working  picture  seems  to  be  available  of  what  the  water  in  tuis  area 
wee  like  before  the  start  of  operations.  It  is  important,  however,  to 
emphasize  as  strongly  as  possible  the  inadequacy  of  tiny  ground  water 
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sampling  program  to  Insure  that  contamination  la  not  present  and  is  not  get¬ 
ting  by  the  sampling  points.  The  Survey's  experience  vitfc  ground  water  con¬ 
tamination  of  other  sorts  has  shown  how  erratic  the  3-oread  of  ti*e  denser  may 
be,  even  la  apparently  homogeneous  materials,  and  how  it  acy  pass  by  wo  11a 
where  It  should  show  up,  and  how  it  dees  put  in  a  3Uddan  appearance  where  it 
has  no  business  to  be  at  all. 

The  U3e  of  tracers  ha 3  been  initiator!  to  follow  in  detail  the  movement, 
in  space  and  in  time,  of  the  ground  water  in  the  area.  This  has  served  prin¬ 
cipally  to  show  ohe  serious  inadequacy  of  tne  older  accepted  methods,  but  it 
has  also  led  to  new  and  possibly  improved  methods  which  should  give  reliable 
results.  It  1  i»  hoped  to  make  come  major  contributions  in  thi6  direction; 
well -laid  plans  and  high  hopes  are  on  hand,  hut  few  results,  so  far. 

One  major  part  of  the  work  has  not  been  started  at  all;  that  is  the 
study  of  the  adsorption  of  the  reactor  waste  products  by  soil  materials. 

The  Survey  in  Washington  he a  hopos  and  plan3  for  the  start  of  a  general 
study  of  this  bread  t.nd  cctrplex  field.  In  the  meantirra,  it  would  be  desir¬ 
able  to  have  some  figures,  preliminary  and  empirical  perhaps,  on  the  adsorp¬ 
tion  effects  of  our  own  local  materials.  Such  information  le  needed,  and 
needed  now,  for  a  variety  of  purposes,  not  the  least  of  which  is  as  a  guide 
in  tne  water  sampling  prog-on.  The  rate  of  travel  of  any  material  in  solu¬ 
tion  in  the  ground  water  is  markedly  affected  ’ey  the  degree  and  type  of  its 
adsorption.  Vith  traceia,  for  example,  we  have  already  found  some  traveling 
more  than  twice  as  fast  as  others  through  the  same  racer ial  and  at  the  naira 
tine  because  of  differences  in  their  absorption  isotherms.  Further,  it  seems 
not  unlikely  that  soma  contaminants  will  put  in  an  appearance  gradually  nt 
any  given  water  sampling  point,  while  others  may  arrive  -liamatically  end  with 
virtually  the  maximum  concentration  that  they  are  to  attain.  For  theue  ro.a- 
sons,  and  others,  tile  services  of  a  physical  chemist  were  sought  shortly  aftor 
the  Group  ’/us  established  here,  but  so  far  without  success.  It  is  intended 
to  kaep  on  trying. 

One  la3t  question  which  ha3  been  of  concern  from  time  to  time  is  what 
measures  might  be  taken  in  case  there  wore  a  serious  contamination  of  the 
ground  water.  Three  lines  of  attack  would  be  possible.  The  first  would 
be  to  provide  new  sources  of  water  supply  to  replace  those  which  had  been 
hurt,  or  which  vote  in  danger.  The  second  would  be  to  inject  into  the  con¬ 
taminated  region  an  adsorbant  which  would  pick  up  and  hold  an  appreciable 
portion  of  the  active  material.  The  third,  and  most  desirable,  i3  the 
apparent  possibility  of  sinking  a  group  of  scavenging  wells  into  the  con¬ 
taminated  area  and  pumping  out  the  hot  water.  This  involves,  of  course, 
putting  that  water  somewhere  else.  With  this  as  one  of  the  reasons,  tvo 
deep  wells  have  been  drilled  to  bedrock  in  tnis  area.  The  details  are  com¬ 
plex,  but  we  feel  confident  that  it  will  turn  out  to  bo  entirely  practical 
to  pump  large  volumes  of  contaminated  water  into  any  one  of  several  deep 
lying  formations  as  a  highly  desirable  alternative  to  letting  Vt  drift 
along  in  the  surface  formations  which  supply  both  the  Laboratory  and  the 
neighboring  communities.  Such  heroic  measures  would  only  be  necessary  in 
case  of  a  3er:loua  accident,  but  plans,  and  some  of  the  preparations,  could 
wall  be  made  beforehand  if  further  study  of  methods  and  policy  ire  favorable. 

One  lack  which  is  felt  hare,  and  whicn  the  AFC  Waste  Processing  Com¬ 
mittee  nay  be  able  to  help  us  vith,  is  lack  of  contact  vith  the  Survey 


groups  or  other  workers  engaged  in  ground  water  or  surface  wator  studies  at 
the  other  AEC  installations .  While  all  send  in  monthly  reports  to  Washing¬ 
ton,  there  is  no  contact  with  one  another,  except  on  rare  occasions  and 
usually  on  a  purely  personal  basis.  The  ABC  could,  with  real  profit,  sake 
possible  an  occasional  get-together  of  the  various  men  and  groups  working 
in  this  field. 


PROGRESS  OP  THE  METEOROLOGICAL  CONTROL  GROG? 


M.E.  Smith 

Brookhaven  Rational  Laboratory 


Relatively  complete  summaries  of  the  BHL  meteorological  program  have 
been  presented  at  prior  meetings  of  the  .ARC  Waste  Processing  Committee  and 
other  groups,  and  in  a  number  of  Laboratory  publications.  These  reports 
have  all  necessarily  dealt  with  the  planning  and  construction  phases  of  the 
program,  and,  although  various  segments  of  meteorological  data  have  been 
presented,  little  information  concerning  the  dispersion  of  the  oil -fog 
effluent  has  been  available.  Since  January,  19^9 >  members  of  the  Meteor¬ 
ology  Group  have  been  able  to  conduct  "smoke  runs"  on  a  routine  basis.  In 
this  same  period,  full  meteorological  records  from  both  the  420'  and  l6o' 
towers  have  been  available.  It  is  now  possible  to  present  a  number  of 
reasonably  firm  conclusions  regarding  the  atmosphere  waste  disposal  problem. 

Before  proceeding  to  this  portion  of  the  discussion,  a  brief  review  of 
the  smoke  run  procedure  is  in  order.  The  oil-fog  effluent  is  produced  by 
an  Army  M-l  smoke  generator,  at  a  rate  which  can  be  varied  from  20  to  100 
gallons  per  hour.  Smoke  is  ejected  from  a  355*  long  z  20"  diameter  steel 
pipe  mounted  within  the  tower  structure.  The  effluent  trail  i3  photographed 
from  selected  sites  with  cameras  operating  synchronously  at  a  speed  ranging 
between  one  frame  per  second  and  one  frame  per  five  seconds.  Significant 
features  of  the  dispersion  pattern  are  observed  visually  and  by  theodolite 
from  appropriate  vantage  points.  Concentrations  of  the  effluent  which  des¬ 
cend  to  levels  near  the  ground  are  measured  by  photometric  densitometers 
mounted  in  trucks.  Up  to  the  present,  attempts  to  measure  effluent  con¬ 
centrations  aloft  from  aircraft  have  been  relatively  unsuccessful,  owing  to 
a  number  of  technical  difficulties.  A  light-weight  densitometer  has  just 
been  completed  for  use  with  balloons,  so  that  reliable  measurements  of  con¬ 
centrations  aloft  will  be  available.  Data  are  processed  in  conjunction  with 
detailed  meteorological  data  obtained  during  the  same  period,  thus  providing 
a  complete  record  of  all  aspects  of  the  dispersion  conditions. 

The  record  to  date  includes  33  processed  smoke  runs;  they  were  conducted 
in  such  fashion  that  the  dispersion  conditions  typical  of  the  most  common 
meteorological  regimes  would  be  determined  first.  As  a  consequence,  the  bulk 
of  the  information  now  available  generally  covers  periods  in  which  rather 
steady  lapse,  inversion,  or  neutral  (isothermal)  temperature  structures  main¬ 
tained.  A  number  of  runs  have  been  conducted  during  periods  in  which  a 
changeover  from  lapse  to  inversion,  or  vice  versa,  occurred. 

During  lapse  conditions,  when  the  temperature  shows  a  decrease  with 
height  of  0.5°C  (or  more)  per  100  meters,  large  thermal  eddies  bring  rela¬ 
tively  high  concentrations  of  effluent  to  the  ground  for  brief  periods  of 
time.  The  smoke  trail  also  shows  wide  horizontal  fluctuations,  so  that  any 
single  area  la  affected  by  the  effluent  quite  Intermittently.  The  region 
of  maximum  concentration  is  generally  on  the  Laboratory  site;  few  measurable 
concentrations  have  been  found  at  distances  of  3  kilometers  or  more. 
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A  neutral  or  Isothermal  condition  is  defined  as  one  in  vbich  the  verti¬ 
cal  temperature  gradient  lies  between  +0.5  and  -0.5°C  per  100  meters.  High 
frequency  mechanical  turbulence  dominates  the  air  flow  during  this  condition; 
the  larger,  relatively  long-period  thermal  eddies  are  conspicuous  by  their 
absence.  Under  neutral  conditions,  which  generally  occur  with  moderate  winds, 
effluent  is  brought  to  the  ground  more  steadily  and  over  a  narrower  path  than 
under  lapse  conditions.  The  area  of  maximum  concentration  is  usually  near  or 
slightly  beyond  the  site  boundary;  concentrations  have  been  measured  up  to  6 
kilometers  from  the  source. 

The  Inversion  case,  in  which  temperature  increases  with  height  at  a  rate 
exceeding  0.5°C  per  100  maters,  is  particularly  interesting  owing  to  the  un¬ 
usual  turbulence  pattern  encountered.  Vertical  fluctuations  of  the  effluent 
trail  are  almost  completely  suppressed.  Although  short  term  horizontal  fluc¬ 
tuations  are  also  of  small  magnitude,  significant  lateral  eddies  appear  over 
the  period  of  an  hour  or  more.  Thus,  the  affluent  trail  assumes  the  appear¬ 
ance  of  a  narrow  meandering  ribbon,  visible  for  great  distances.  No  low 
level  concentrations  have  been  measurable  under  inversion  conditions,  even 
at  distances  of  30  kilometers  from  the  source.  Visual  observations  have 
Indicated  that  the  base  of  the  trail  has  reached  a  level  no  lower  than  300- 
350’.  Owing  to  the  geography  of  the  area,  it  has  not  yet  been  possibla  to 
follow  an  inversion  trail  to  greater  distances;  but  it  is  certainly  reason¬ 
able  to  believe  thac  no  significant  ground  level  concentrations  occur  while 
the  inversion  persists. 

The  period  of  change-over  from  inversion  to  lapse,  though  transitory, 
i3  worthy  of  consideration.  When  the  lspse  condition  builds  up  to  the  level 
of  the  inversion  trail  aloft,  appreciable  amounts  of  effluent  are  brought 
quickly  to  the  lower  levels.  The  development  of  normal  dey-time  turbulence 
dissipates  6uch  concentrations  within  a  short  period  of  time. 

In  the  reverse  situation,  when  a  lapse  condition  changes  to  an  inversion, 
it  has  been  found  that  the  effluent  remains  entirely  aloft  after  the  inversion 
is  fully  developed;  the  residual  low  level  concentrations,  usually  typical  of 
the  neutral  case,  gradually  dissipate. 

With  reference  to  the  operating  levels  agreed  upon  for  the  Brookhaven 
area,  final  conclusions  concerning  radiation  dosage  resulting  from  the  reac¬ 
tor  operation  now  await  the  operation  of  the  reactor  itself.  Theoretical 
calculations  of  the  ground  level  dosage  undor  various  conditions  have  been 
made,  which  show  the  following  with  reference  to  operating  conditions:  Under 
lapse  conditions  mean  hourly  concentrations  in  the  area  of  maximum  will  prob¬ 
ably  exceed  the  off-site  operating  level  consistently,  although  the  area  of 
maximum  will  generally  be  on-site.  Under  neutral  conditions,  mean  hourly 
concentrations  in  the  area  of  maximum  should  generally  equal  or  exceed  the 
established  operating  level.  During  the  brief  fumigation  period  following 
the  change-over  from  inversion  to  lapse,  instantaneous,  low  level  concentra¬ 
tions  are  expected  to  reach  values  In  excess  of  the  operating  level  by  at 
least  a  factor  of  ten. 

Casual  appraisal  of  these  estimates  might  lend  to  the  belief  that  it 
would  be  necessary  to  restrict  the  operation  of  the  reactor  a  considerable 
portion  of  the  time.  However,  a  number  of  additional  factors  must  be  assessed. 
The  variability  of  wind  direction  and  speed,  the  normal  diurnal  fluctuation  of 
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temperature  structure,  and  the  relatively  short  half-life  of  conspire  to 
make  it  unlikely  that  a  given  area  will  receive  icaximum  lev  level  effluent 
concentrations  for  any  extended  length  of  tine,  or  on  repeated  occasions  dur¬ 
ing  the  7-day  period  on  which  the  operating  level  is  calculated.  Thus,  the 
early  estimates  of  restriction  of  reactor  operation  %  of  the  time  are  still 
considered  reasonable.  These  periods  of  restriction  are  expected  to  occur 
when  a  stagnant  synoptic  weather  situation  causes  the  detailed  pattern  of 
dispersion  to  be  persistent  or  repetitive  over  several  days. 

From  the  point  of  view  of  forecasting  dispersion  conditions,  consider¬ 
able  progress  lias  also  been  made.  It  has  been  found  that  certain  synoptic 
weather  factors,  for  the  most  part  routinely  observed  and  forecast,  strongly 
influence  the  micro  meteorological  developments.  The  most  important  of  these 
are  cloud  cover,  gradient  wind,  air-ground  temperature  relationship,  and  the 
state  of  the  ground.  F-reeriraental  forecasting  carried  on  over  the  past  year 
has  resulted  in  a  preliminary  determination  of  these  factors,  which  are  sum¬ 
marized  as  a  guide  in  the  routine  forecasting  of  local  wind,  temperature,  end 
turbulence . 

Templates  depicting  the  ground  level  patterns  of  radiation  dosage  have 
been  prepared  for  a  wide  variety  of  weather  conditions.  These  are  currently 
utilized  in  a  daily  practice  evaluation  and  forecast  of  reactor  operating 
conditions . 


Trm  5P" 


AR3A  G11SVOT  AND  LOW  LEVEL  MONITORDJG 
F.P.  Cowan 

Brookhnvea  National  Laboratory 


Airborne  Activity 

The  BNL  policy  is  to  design  facilities  so  that  the  disturbance  to  the 
off -site  radiation  background  shall  not  average  more  than  1$  of  the  accepted 
whole  booy  exposure  limit  of  300  mr/wk.  The  function  of  the  meteorology  pro¬ 
gram  in  predicting  dilutions  for  the  reactor  cooling  air  has  been  described 
in  this  report  by  M.K.  Smith.  The  system  of  area  monitoring  stations,  which 
will  bo  described  here,  has  been  set  up  to  measure  the  actual  disturbance  of 
the  natural  background  at  10  locations  located  strategically  within  10  ailea 
of  the  site,  as  well  as  at  6  locations  within  the  boundaries  of  the  ^ito. 

The  radiation  measurements  made  at  these  stations,  the  data  obtained  from 
the  smoke  runs  of  the  meteorologists,  such  theoretical  material  as  is  avail¬ 
able  in  regard  to  the  dispersion  of  stack  gase3,  and  the  gross  and  micro- 
meteoroiogical  data  collected  by  the  Meteorology  Group  combine  to  give  a  very 
excellent  picture  ox'  radiation  conditions  in  the  area  and  moke  it  possible  to 
meet  the  severe  requirements  of  the  above-mentioned  policy.  The  area  monitor¬ 
ing  data  and  known  characteristics  of  the  reactor  effluent  can  be  used  to  cor¬ 
rect  or  extend  present  knowledge  of  diffusion  theory,  as  well  as  to  check  the 
conclusions  made  from  the  smoke  runs.  The  meteorological  analysis  car.  be 
used  for  interpolation  between  the  discreet  locations  of  the  area  monitoring 
stations.  A  close  liaison  is  maintained  between  the  Meteorology  Group  end 
the  Health  Physics  Division.  Further  elaboration  of  operating  procedures  is 
to  be  worked  out  when  reactor  operations  have  commenced. 

The  area  monitoring  station  equipment  includes  a  variety  of  G-M  counters, 
an  ionisation  chamber  in  combination  with  a  vibrating-raed  electrometer  and 
chart  recorder,  a  battery-operated  ratemeter  to  provide  data  during  power 
failures,  and  a  continuously-operated  dust  collector  end  counter.  All  of 
these  operate  continuously.  The  indicators  are  located  on  a  central  display 
board,  which  is  photographed  automatically  once  every  6  minutes.  Tata  are 
analyzed  periodically.  Immediate  records  of  radiation  conditions  are  avail¬ 
able  from  the  chart  recorders  of  the  ionisation  chamber  and  the  battery- 
operated  ratemeter.  The  dust  monitor  consists  of  a  strip  of  filter  paper 
drawn,  at  a  constant  rate,  across  a  suction  head,  and  then  past  both  alpha 
and  beta-gamma  counters.  The  equipment  for  the  area  monitoring  stations  was 
developed  by  the  Electronics  Division;  it  is  operated  by  the  Health  Physics 
Division. 

The  naturally  occurring  background  radiation  In  this  area  amoxints  to 
about  0.01  mr/hr.  With  a  standard  Eck  and  Krebs  G-M  tube  about  6"  long  x 
3 A"  diameter,  the  counting  rate  is  of  the  order  of  jO  c/min.  Quite  e  con¬ 
siderable  variation  in  background  as  the  result  of  rainfall  is  noted,  with 
peaks  as  much  as  twice  the  normal  counting  rate.  The  greet  bulk  of  the 
activity  collected  by  the  dust  monitor  consists  of  active  deposits  of  radon 
and  t boron.  Peake  in  this  activity  of  3  or  k  times  the  normal  amount  are 
noted  as  a  result  of  temperature  inversions.  During  such  parlous,  the  lover 
layers  of  air  are  stable,  and  vertical  mixing  does  not  occur.  Accordingly, 
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the  activity  released  from  the  soil  is  cot  dispersed  In  the  normal  fashion. 
Curves  for  these  effects  are  given  In  “Brookhaven  National  Laboratory  Progress 
Report,”  July  1  -  December  31,  1^9  (3KL  39  (AS-3)). 


Liquid  Waste 

Brookhaven  National  Laboratory  has  its  own  savage  system  and  severe  pro¬ 
cessing  plant,  the  effluent  from  which  is  discharged  into  a  small  stream  which 
is  part  of  the  headwaters  of  the  Peconlc  River.  The  policy  in  regard  to  the 
release  of  radioactivity  froa  this  system  is  a  stringent  one  dictated  by  the 
lack  of  oassive  dilution  and  the  details  of  ecology  of  this  region.  This 
policy,  recently  approved  by  the  Atomic  IJnergy  Commission,  calls  for  release 
of  effluent  whose  activity,  averaged  over  a  3-month  period,  shall  not  exceed 
3  z  10 "6  p.  c/cc.  Peak  values  of  10  times  this  concentration  will  be  permis¬ 
sible;  the  total  amount  is  limited  to  1.3  c/yr,  corresponding  to  a  flow  rate 
of  360,000  gal/day  at  the  maximum  allowable  average  concentration.  Ibis  con¬ 
centration  control  will  be  applied  at  tha  point  where  the  Imboff  waste  pro¬ 
cessing  tank  discharges  to  the  filter  beds.  Since  decontamination  is  to  be 
expected  in  passing  through  tha  filter  beds,  tho  activity  released  to  the 
stream  is  expected  to  be  even  lover  than  indicated  by  the  agreed  policy. 

Some  interchange  with  the  ground  water  is  to  be  expected  in  the  filter  beds 
and  along  the  stream,  but  this  is  of  secondary  importance  at  these  levels 
because  of  the  adsorptive  characteristics  of  the  soil  end  a  number  of  other 
factors . 

In  order  to  achieve  such  a  policy  in  a  laboratory  as  extensive  as  5NL, 
it  is  obviously  necessary  to  control  the  discharge  of  activity  to  the  waste 
system  at  the  source,  and  particularly  at  locations  where  large  amounts  of 
activity  are  being  manipulated .  The  daily  quota  for  the  Laboratory  amounts 
to  3.4  me.  The  severity  of  the  problem  is  brought  out  if  half  of  this  amount 
is  allocated  to  the  nuclear  reactor  hot  laboratory  complex  and  the  other  half 
is  divided  among  various  other  facilities,  such  as  tha  cyclotron,  chemistry 
laboratory.  Chemistry  Department  semlhot  laboratory.  Biology  Department  dilu¬ 
tion  wing,  decontamination  laundry,  Medical  i/epartment  therapy  wing,  waste 
concentration  laboratory,  metallurgy  laboratories,  hot  shop,  and  numerous 
other  chemistry,  biology,  and  medical  laboratories  which  use  appreciable  quan¬ 
tities  of  radioactive  isotopes.  With  such  an  allocation,  one  finds  that  each 
laboratory  wing  or  small  group  of  laboratories  can  release  no  more  than  50- 
100  i-ic/day. 

Tha  reactor  complex  has  been  set  up  as  a  self-contained  system,  with  full 
control  of  its  liquid  waste;  problems  entailed  therein  are  discussed  in  this 
report  by  V.L.  Horn.  Only  diluted  and  monitored  wastes  will  be  discharged  to 
tha  laboratory  waste  system.  Hold-up  tanks  and  proportional  sampling  devices 
are  being  provided  for  other  critical  locations,  such  as  the  Chemistry  Depart¬ 
ment  semlhot  laboratory,  cyclotron  chemistry  laboratory,  and  Biology  Depart¬ 
ment  dilution  wing.  Tha  intent  here  is  that  tha  hald-up  waste  will  normally 
he  of  low  enough  activity  that  it  may  be  released  after  an  assay  has  been 
made.  If,  because  of  accident  or  poor  technique,  this  13  not  the  case,  it 
will  be  transported  by  means  of  tank  truck  to  the  tank  farm  associated  with 
the  nuoleer  reactor.  ?or  some  other  locations  which  are  less  likely  to  causa 
difficulty,  proportional  samplers  without  hold-up  tanks  will  he  provided. 

This  will  allow  detection  of  foci  of  poor  technique  which,  if  not  detected, 
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night  result  in  activity  lovsls  at  the  savage  p?  int  which  ere  too  hi^h. 

?or  other  areas  where  actlncy  levels  are  very  lew,  tin  control  will  bo  ex¬ 
ercised.  In  all  laooratorles,  c'intilnors  will  bo  r-rovidou  for  coliozbio;*  of 
liquids  containing  approclrfcio  araounts  of  activity.  These  Will  be  transported 
periodically  to  the  tank  farm. 

Extensive  nonitoring  facilities  ire  being  provided  at  the  cewrge  process¬ 
ing  plant.  Theso  will  consist  of  four  installations: 

1.  A.  flow  meter  and  proport local  sampler  at  the  exit  of  tho 
lahoff  taiik. 

2.  A  similar  instillation  at  the  cMorinoticn  plant,  which  is 
located  between  the  filter  beds  and  the  FOir.t  cf  discharge 
to  the  Pecouic  ®iver . 

3.  A  flow  mouitcrirg  station  upstreaa  from  the  point  of  dis¬ 
charge. 

A  flow  monitoring  station  downstream  from  the  point  c-  dis¬ 
charge  at  the  point  Where  the  Peconic  River  crcssus  the 
eastern  ocunda r.  of  the  site. 

These  installations  «ie  partially  conflated-,  they  will  be  in  op  oration  in 
a  few  months.  The  data  obtained,  La  tudlblau  to  making  it  possible  i.o  laiov 
whether  or  not  the  agreed  policy  is  bsirg  ret,  will  yield  other  interesting 
information,  such  as  the  loss  of  activity  in  the  filter  beds,  the  dilution  by 
tne  flow  of  the  stream,  and  the  amount  of  activity  laavln^  the  l oundary  of 
the  site  in  the  water  of  the  otreeta. 

Some  miscellaneous  eapects  of  .  ree  muni  coring  r.ro  analysis  of  vegetation, 
soil,  and  well  water.  Particular  avtentUr  wiLt  be  n*id  to  analysis  of  water 
and  biological  forma  downstream  along  the  reconic  River.  These  phesua  of  the 
progrea  will  be  elaborated  as  the  qualities  of  activity  reLuasei  become  appre- 
clablo. 


LIQUID  WASTE  H/lffDLIWO  AK>  TREATMENT  AT  BHOOK3AV7®  NATIONAL  lAEOIilTOfiT 

7,L.  Eom 

Brookhaven  National  Laboratory 


Tha  radioactive  waste  system  of  the  BKL  reactor  complex  Is  nearly  com* 
pleted.  It  is  designed  to  handle  liquid  waste  from  the  reactor,  reactor 
laboratories,  end  hot  laboratory.  Radioactive  waste  from  Gome  other  groups 
in  the  Laboratory  will  also  be  stored  with  reactor  waste,  but  will  bo  handled 
In  hot  pots. 


Types  of  Waste 

The  waste  hca  been  divided  Into  five  types,  each  of  which  Is  handled  by 
a  separate  system.  Tk9  assignations,  definitions,  end  expected  yearly  vol¬ 
umes  of  these  wastes  are: 

A.  Accountable  total  waste  containing  uranium  and  flsslonablo 
material. 

7,3CO  gel/yr. 

3.  High  activity  chemical  waste  containing  no  accountable 
material. 

32,CCO  gal/vr. 

C.  Conxamin-ited  solvent  waste  which  cannot  go  through  vrsfce 
system,  because  of  volatile  solvents  or  I1C1  content. 

3,900  sal/yr. 

D.  Low  activity  chemical  wucte  which  doe3  not  require  a ni elding. 
300,000  gal/yr. 

7,  Normally  uncon tcrainated  waste  which  i3  monitored  for  activity 
before  disposal. 

4,000,000  gal/yr. 

The  volumes  given  above  are  rough  estimates  used  in  designing  the  system, 
and  are  probably  high.  The  volumes  are  also  for  full  operation,  which  will 
not  be  attained  for  6  to  10  months. 


Collection 

All  waste  from  drains  at  react or  faces,  floor  drains,  and  sinks  will  run 
by  gravity  to  the  waste  tanks  la  the  hot  laboratory.  This  waste  should 
normally  be  unconcern inated.  After  it  is  jonitorad,  it  will  be  released  to 
sewerage.  Tho  east  wing  reactor  laboratories  have  gravity  "F"  drains  to  the 
hot  laboratory.  The  west  wing  reactor  laboratories  have  P"  drains  to  a  2000- 
Cel  hold-up  tank,  from  which  the  waste  it  pumped  periodically  to  the  SOOO-rcal 
hot  laboratory  tanks  for  oonitoring.  Should  any  of  the  "7"  waste  be  contami- 
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nated,  that  8000-gal  tankful  will  be  pimped  to  the  "D"  storage  tanks. 

"DM  waste  in  each  of  the  reactor  laboratories  will  be  collected  in  5 -gal 
containers.  The  containers  will  be  trucked  to  the  hot  laboratory  and  emptied 
Into  the  “D"  system. 

Another  source  of  waste  from  the  reactor  is  the  canal.  The  canal  will  be 
emptied  when  a  ruptured  slug  is  removed  from  the  reactor.  The  60,000  gal  of 
canal  water  will  then  be  run  to  a  100,  COO -gal  tank  reserved  for  this  purpose . 

The  hot  laboratory  cold  area  will  also  collect  its  "D"  waste  in  5-gal 
containers  to  be  emptied  in  the  waste  treatment  area.  All  "F"  waste  is  con¬ 
ducted  by  piping  to  the  "F"  waste  monitoring  tanks  in  the  waste  treatment 
area. 


The  hot  area  of  the  hot  laboratory  is  the  only  area  which  is  completely 
connected  to  the  waste  treatment  area  by  piping.  The  pipes  are  all  welded 
stainless  steel.  The  piping  is  laid  in  concrete  trenches  which  are  painted 
with  Amercoat.  If  there  are  any  leaks  in  the  piping,  the  liquid  will  drain 
to  the  waste  treatment  area.  The  trenches  have  1*  thick  concrete  covers  for 
shielding  which  fit  flush  with  the  floor. 

Waste  will  be  collected  from  three  main  areas  in  the  hot  aroa:  the  dis¬ 
solver  cells,  the  seal -works  area,  and  the  semi -hot  cells.  The  trenches  from 
these  three  areas  have  a  junction  point  at  the  neutralization  cell  in  the 
waste  treatment  area.  The  pipes  for  "A,"  "3,”  and  spare  waste  lead  into  the 
neutralization  cell  in  the  waste  treatment  area.  "D"  waste  lines  go  into 
off-gas  separation  tanks  In  the  neutralization  cell.  Tbe  gas  will  go  to  the 
scrubber  cell,  and  the  "D"  waste  to  the  "D”  cell.  "F"  waste  will  continue 
through  the  neutralization  cell  to  a  drum  trap  which  catches  large  articles 
in  the  waste.  From  there,  the  "F"  waste  will  run  into  a  diversion  tank  with 
a  baffle.  The  baffle  causes  the  waste  to  flow  past  a  G-M  tube  which  is  con¬ 
nected  to  a  counter.  Should  the  count  on  ”F"  waste  go  above  a  predetermined 
level,  a  magnetic  valve  at  the  bottom  of  the  tank  will  be  actuated,  dumping 
60  gal  to  the  "D"  system.  This  process  continues  until  the  ”F"  line  is 
flushed  out. 

All  the  tanks  in  the  neutralization  cell  are  vented  into  the  scrubber 
off-gas  system,  causing  a  flow  of  air  down. all  waste  lines..'  The.  semi -works 
area  has  ventilation  ducting  that  passes  through  the  scrubbers.  The  off¬ 
gas  from  tanks  and  semi -works  is  known  as  "acid  off  -gas."  It  contains  acid 
and  Iodine  fumes.  The  caustic  scrubbers  will  neutralize  the  acid  and  scrub 
Iodine  from  the  gas.  The  gas  will  then  pass  through  a  roughing  filter  and  a 
Chemical  Warfare  Service  filter.  A  14"  stainless  steel  duct  will  carry  the 
gas  to  join  the  off-gas  duct  from  the  decontamination  area,  then  to  the  blower 
in  the  hot  laboratory  fan  house,  vhloh  will  send  it  up  the  stack. 

Room  and  hood  air  ventilation  for  the  hot  area  and  waste  treatment  area 
is  termed  "nonaoid  off-gas."  The  air  will  go  through  ducts  to  CWS  filter  units 
and  blowars.  A  42"  duct  will  carry  tha  air  to  the  hot  laboratory  fan  house 
blower,  which  will  send  it  up  the  stack. 
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Treatment 

"A"  waste  Is  accountable.  It  will  be  sampled  carefully  and  neutralized. 
The  volume  that  is  jetted  to  storage  will  be  recorded.  Neutralization  will 
be  accomplished  by  jetting  waste  to  the  neutralizer  tank,  where  caustic  or 
carbonate  will  be  run  in.  The  solution  will  be  agitated,  cooled,  and  sampled. 
Waste  will  then  be  jetted  to  the  tank  farm  for  storage.  "B"  waste  will  be 
treated  similarly.  These  operations  will  all  be  controlled  remotely  at  a  panel 
board  which  is  separated  from  the  cell  by  a  4'  thick  concrete  floor. 

"0”  waste  will  be  sampled  and  the  proper  amount  of  neutralization  solu¬ 
tion  added  directly  to  the  "D"  tcnk.  "D"  waste  will  then  be  sampled  and 
pumped  to  storage  at  the  tank  farm. 

As  mentioned  previously,  "F”  waste  will  be  monitored  daily  and  pumped 
to  the  sewer. 


Storage 

The  tank  farm  is  located  l/8  mile  north  of  the  waste  treatment  area. 

"A,"  ”B, "  and  "D"  liquid  wastes  are  stored  there.  The  tank  farm  is  joined 
to  the  waste  treatment  area  by  means  of  pipes  in  a  covered  concrete  trench. 

”D"  waste  is  stored  in  two  100,0C0-gal  tanks  above  ground.  A  third  100,000- 
gal  tank  is  reserved  for  contaminated  canal  water. 

”A”  and  ”B"  waste  is  stored  in  six  QCOO-gal  stainless  steel  tanks  below 
ground.  2ach  tank  is  enclosed  in  a  concrete  cubicle.  The  cubicles  have  sumps 
which  will  be  monitored  to  determine  whether  the  tanks  are  leaking. 

"C”  waste  which  is  collected  in  pots  will  be  stored  in  the  pots  awaiting 
further  developments. 

In  general,  the  waste  treatment  area  is  constructed  to  handle  large  vol¬ 
umes  of  waste  from  the  hot  laboratory  and  reactor,  dot  wastes  are  controlled 
remotely  by  the  use  of  steam  jets.  Collection,  classification,  neutralization, 
and  storage  of  radioactive  solutions  are  accomplished.  Accountability  of 
uranium  and  fission  product  solution  is  maintained.  Sufficient  storage  capa¬ 
city  of  "D"  waste  is  provided  for  1  to  2  years,  after  which  concentration  of 
the  waste  is  expected.  nA"  and  "B"  waste  storage  capacities  are  sufficient 
for  2  to  3  years. 


Figure  9*  Four  caustic  scrubbers 
used  in  acid  off-gas  system. 


Figure  10.  Diversion  tank,  connected 
between  and  "D"  systems. 


Figure  11.  Control  and  Instrument  panel  for  neutral is At ier 


PjnWABEHT  DISPOSAL  0?  RADIOACTIVE  W.tSTJS 

W.S.  Glue  11  and  L.P.  Hatch 
Brookhaven  National  Laboratory 


An  Investigation  is  c’.irrently  i  aider  way  at  BNL  to  develop  a  procedure 
for  the  perrvvient  disposal  of  long-lived  radioactive  vastes,  particularly 
those  which  occur  a3  a  result  of  the  fission  process.  In  this  work,  the 
basic  promise  is  to  achieve  assimilation  of  the  wastes  by  highly  stable 
natural  materials  in  the  sarth  rather  than  resort  to  such  means  as  the  use 
of  storage  containers,  contamination  of  the  ocean,  etc. 

It  Is  known  that  minerals  of  the  montmorlllonite  group  have  pronounced 
cation  exchange  properties.  Furthermore,  in  the  temperate  regions  of  the 
earth's  surface,  they  are  very  nearly  the  end  product  of  the  weathering  of 
volcanic  ash,  and  so  they  can  be  considered  highly  stable  natural  materials. 
These  factors,  along  with  the  known  imperviousness  of  clay  beds  to  the  pas¬ 
sage  of  water,  suggest  the  use  of  cloys  as  disposal  media.  The  disposal 
process  would  involve  replacement  of  inactive  exchangeable  cations  In  the 
clay  by  radioactive  cations.  The  active  clay,  after  suitable  processing, 
could  then  be  disposed  of  by  burial  In  sc.ua  selected  area,  possibly  in  a 
deep  stratum  of  clay  Itself. 

Since  ion  exchange  re”,  c  tic  as,  in  general,  fcllcv  the  law  of  mass  action, 
one  would  aspect  a  reversal  of  the  exchange  reaction  in  the  presence  of  on 
excess  of  other  cations,  Presumably,  there  would  be  some  very  small  movement 
of  liquids  containing  dissolved  solids  through  the  natural  clay  beds,  so  that 
the  reverse  reaction  coili  occur  to  so  .e  degree,  uence,  it  would  he  necessary 
to  treat  tha  radioactive  clay  in  such  a  manner  that  the  rate  of  the  reverse 
reaction  would  be  negligibly  small.  In  other  words,  tha  radioactive  cations 
would  have  to  be  fixed  in  the  clay.  The  Immediate  problem,  therefore,,  resolves 
itself  into  two  major  task3,  namely: 

1.  Determination  of  the  cation  exchange  capacities  of  certain  clays 
as  functions  of  the  concentration  end  nature  of  the  cation, 
temperature  of  the  reactants,  particle  size  of  the  clays,  etc. 

2.  Development  of  a  process  for  fixing  the  radioactive  cations  in 
the  clay. 

Three  clays  are  currently  under  investigation  at  BNL:  a  lov  volatile 
matter  fullers  earth  (Attapulgus  Clay  Co.),  and  two  types  of  pure  oontmoril- 
lonite  (Flltrol  Corp.).  preliminary  experiments  are  being  conducted  using 
radioactive  strontium  89  (half-life  *  5**  days)  obtained  from  Oak  Ridge  in 
tha  fora  of  (BrNO^)g.  Tha  material  is  purified  by  precipitation  of  SrC03 
with  (KHt^gCOi,  followed  by  filtration,  washing,  and  dissolution  of  the  solid 
in  an  excess  of  SCI.  The  resulting  solution  is  evaporated,  down  to  half  its 
volume,  to  expel  COg,  and  then  neutralized  to  pH  6.3  with  an  inactive  solu¬ 
tion  of  Sr(0H)g>  using  a  Beckman  pH  meter.  The  resulting  stock  solution  is 
analyzed  for  Sr  by  a  gravimetric  procedure  Involving  precipitation  of  SrSO^ 
from  5 Ofr  alcohol.  Tha  specific  activity  of  the  solution  is  determined  by 
diluting  an  aliquot  of  tha  stoek  solution  to  a  convenient  volume  and  counting 
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the  resulting  solution  In  an  annular  jacketed  thin -vail  glass  G-M  tube. 

In  tbe  determination  of  exchange  capacities,  weighed  clay  samples,  pre¬ 
treated  by  drying  at  110°C,  are  transferred  to  100 -ml  glass  stoppered  flasks. 
To  these  are  added  known  volumes  of  the  strontium  chloride  solution.  The 
flasks  are  placed  on  a  wrist-action  mechanical  shaker  and  agitated.  Aliquots 
are  withdrawn  at  intervals  for  counting.  Knowing  the  specific  activities  of 
the  original  and  final  solutions,  it  is  possible  to  calculate  the  capacity 
of  the  clay  in  millicquivalents  of  strontium  per  gram  of  clay  (me/gm).  After 
equilibrium  has  been  established,  the  clay  is  centrifuged,  washed,  and  dried 
at  110°C.  A  weighed  sample  of  the  strontium-saturated  material  thus  obtained 
is  digested  with  concentrated  HNO3  to  decompose  the  clay.  The  resulting 
solution  is  then  counted.  This  serves  as  a  check  on  the  previously  deter¬ 
mined  exchange  capacity.  The  figures  in  Table  1  give  the  values  of  the  ex¬ 
change  capacities  of  the  clays  under  investigation  in  terms  of  milliequiva- 
lents  of  strontium  per  gram  of  oven-dried  clay. 


Table  1 

Exchange  Capacities 

1 

Capacity 

1 

Clay 

— 

1 

2 

1 

3  j 

Attapulgus  Fullers  Earth 

B| 

0.32 

0.30 

Filtrol  Montmorillonite  R-2532 

msm 

0.46 

0.46 

Filtrol  Montmorillonite  R-2472 

KS9 

0.78 

0.73 

1.  10  gm  clay  +  225  nl  of  0.03M  SrCl2. 

2.  HNOo  extraction  of  saturated  clay  from  1. 

i  3.  0.5m  BaClg  extraction  of  saturated  clay  from  1. 

! 

The  saturated  clays  are  then  subjected  to  a  series  of  heat  treatments 
designed  to  determine  the  amount  of  activity  which  can  be  fixed  in  the  clay. 
Weighed  amounta  are  placed  in  Vyeor  dishes  and  heated  in  a  muffle  furnace 
for  perioda  of  the  order  of  24  hours.  Thus  far,  temperatures  in  the  range 
300-900°C  have  been  tried.  After  removal  from  the  oven  and  cooling,  the 
clays  are  transferred  to  ICO-ral  flasks,  treated  with  a  large  excess  of 
BaClg  solution,  and  shaken  for  long  periods.  Aliquots  of  the  supernatant 
solution  are  withdrawn  at  intervals  for  counting.  Tests  have  shown  that 
barium  replacement  is  100p  complete  in  the  case  of  unheated  saturated  clays; 
therefore,  this  technique  serves  as  a  measure  of  the  degree  of  fixation 
achieved  by  heating.  Figures  14,  15,  and  16  show  the  observed  fixation  as 
a  function  of  temperature. 

The  oon tmorlll Quite  minerals  are  known  to  have  a  crystal  lattice  whose 
c  dimension  is  a  function  of  the  water  content  of  the  mineral.  Expansion 
and  contraction  of  the  lattice  layers  is  reversible  if  the  clay  is  main¬ 
tained  at  low  temperatures.  However,  It  was  found  by  other  workers  that 
heating  the  clay  to  400-300°C  causes  a  loss  of  swelling  capacity  when  the 
clay  is  placed  in  water.  Since  the  exchangeable  cations  are  located  between 
the  lattice  layers  for  the  most  pert,  the  loss  of  swelling  ability  should 
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also  be  associated  with  a  lowering  of  the  exchange  capacity.  This  effect 
con  be  sees  readily  in  Figure  14  and,  to  a  lesser  degree,  in  Figure  Ip;  3 
narked  decrease  in  exchange  capacity  (or  increase  In  percent  fixed)  13  ob¬ 
served  between  UoO  and  POO°C.  Above  this  temperature  range,  the  c true taro 
of  the  clay  is  probably  altered  by  the  loss  of  the  sic cent 3  of  water  from 
within  the  lattice  layers.  At  temperatures  around  80C°C,  the  exchangeable 
cations  appear  to  be  fixed  to  a  very  great  extent.  In  addition  to  the  ex¬ 
tralattice  exchangeable  cations,  some  exchange  presumably  occurs  with  cations 
formally  within  the  lattice  but  which  had  been  exposed  as  a  result  of  broken 
crystals.  Such  cat lens  could  also  be  replaced.  If,  however,  the  clay  were 
heated  to  1  temperature  at  which  sintering  occurs,  the  number  of  such  ex¬ 
posed  cations  would  be  greatly  reduced.  It  seems  probable  that  this  could 
be  one  explanation  for  the  relatively  slow  decrease  in  exchange  capacity  in 
the  temperature  range  300-900°C.  In  the  case  of  montmortllonite  B-2532 
which  was  heated  to  975°C,  sintering  was  actually  observed. 

Future  experiments  will  be  conducted  along  these  lines,  using  mixed 
fission  products  and  possibly  other  clays.  We  hope  to  be  able  to  study, 
by  means  of  X-ray  diffraction  techniques,  the  actual  changes  in  the  clay 
structure  brought  about  by  heating. 
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